






McCarthy, F.D. (1980) Technology, Environment, Agriculture. IIASA Working Paper. WP-80-039 Copyright © 1980 by the 
author(s). http://pure.iiasa.ac.at/1430/ 
Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 
opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 
for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 
NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 
TECHNOLOGY, ENVIRONMENT, AGRICULTURE 
F. Desmond M c C a r  t h y  
March 1980 
WP-80-39 
P r e s e n t e d  a t  t h e  FAP Task  F o r c e  M e e t i n g ,  
J a n u a r y  30 t o  F e b r u a r y  1, 1980 
Working P a p e r s  a r e  i n t e r i m  r e p o r t s  on work o f  t h e  
I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Sys t ems  A n a l y s i s  
and  have r e c e i v e d  o n l y  l i m i t e d  r e v i e w .  V i e w s  or  
o p i n i o n s  e x p r e s s e d  h e r e i n  do  n o t  n e c e s s a r i l y  r e p r e -  
s e n t  t h o s e  o f  t h e  I n s t i t u t e  o r  o f  i t s  N a t i o n a l  Member 
O r g a n i z a t i o n s .  
INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg ,  A u s t r i a  
PREFACE 
This paper discusses some of the issues in the technology- 
environment-agriculture linkage. It indicates some of the mea- 
sures which have been used to guide policy in this complex area 
and mentions some of the difficulties. A number of areas of re- 
search are identified which might be suitable for IIASA. 
TECHNOLOGY, ENVIRONMENT, AGRICULTURE 
F. Desmond McCarthy 
INTRODUCTION 
The s t u d y  o f  change  i n  v a r i o u s  s o c i e t i e s  h a s  a t t r a c t e d  a  wide  
spec t rum o f  a n a l y s t s .  I n  c e r t a i n  s i t u a t i o n s  s o c i o - c u l t u r a l  i n f l u -  
e n c e s  e x e r t  a  dominant  r o l e  w h i l e  i n  o t h e r s  economic f o r c e s  p l a y  
a  c r i t i c a l  r o l e .  The p r o s p e c t  t h a t  change  may b e  m o d i f i e d  o r  i n -  
f l u e n c e d  t o  v a r y i n g  d e g r e e s  by economic f o r c e s  makes t h e  s u b j e c t  
p a r t i c u l a r l y  a t t r a c t i v e  t o  t h e  economic a n a l y s t .  I n  p a r t i c u l a r ,  
t h e  e x t e n t  t o  which t h e s e  f o r c e s  may b e  a f f e c t e d  by v a r i o u s  p o l i c y  
measures  i s  i n t r i g u i n g .  I n  r e c e n t  y e a r s  t h e  r o l e  of  one  o f  t h e s e  
f o r c e s ,  t e c h n i c a l  change ,  h a s  t r i g g e r e d  many s t u d i e s .  Much o f  
t h i s  r e c e n t  work was s t i m u l a t e d  by s t u d i e s  of  " S o u r c e s  o f  Economic 
Growth" i n  t h e  1 9 5 0 ' s .  
SOURCES OF ECONOMIC GROWTH 
R o b e r t  Solow (1957)  s t u d i e d  US d a t a  f o r  t h e  p e r i o d  1909-1949. 
During t h i s  i n t e r v a l  t h e  a v e r a g e  a n n u a l  growth  r a t e  o f  G . N . P . .  
w a s  e s t i m a t e d  a t  2.9 p e r  c e n t .  H e  found t h a t  t h i s  w a s  composed 
o f  0 .32  from c a p i t a l  a c c u m u l a t i o n ,  1 .09  f rom l a b o r  and 1 .49  from 
t e c h n i c a l  p r o g r e s s .  The magni tude  o f  t h e  l a t t e r  c o n t r i b u t i o n ,  
a b o u t  80 p e r  c e n t  o f  p e r  c a p i t a  g rowth ,  g e n e r a t e d  c o n s i d e r a b l e  
i n t e r e s t  and l e d  t o  f u r t h e r  work i n  t h i s  a r e a .  One o f  t h e  most  
e x h a u s t i v e  s t u d i e s ,  d u e  t o  Denison ,  seemed t o  c o r r o b o r a t e  S o l o w ' s  
f i n d i n g s .  H i s  d e c o m p o s i t i o n  of  s o u r c e s  o f  growth  are shown i n  
T a b l e  1. One n o t e s  t h a t ,  of  t h e  n a t i o n a l  income p e r  c a p i t a  growth ,  
a b o u t  33 p e r  c e n t  may b e  a t t r i b u t e d  t o  advances  o f  knowledge, 1 3  
p e r  c e n t  t o  improved a l l o c a t i o n  o f  r e s o u r c e s ,  and  16  p e r  c e n t  t o  
economics o f  s c a l e .  Thus,  w h i l e  some growth  may be accompanied 
by d e p l e t i o n  of  r e s o u r c e s ,  t h e r e  are a l s o  s i z e a b l e  g a i n s  t o  be  
o b t a i n e d  by improved p r o d u c t i v i t y .  
TABLE 1 : United States: Sources of Growtlt of Totol National Income and Nntional Income per Persor~ Elnploycd, 1950-62 
(Co~~fribetions to growth rote in pcrcentrige points) 
National incomc pcr person 
Total national income employed 
- 
Sources of growth 1950-62 1950-55 1955-62 1950-62 1950-55 1955-ti2 
Salir~nnl income 3.32 4.23 2.67 2.15 2.74 1.73 
Told factor input 1.95 2.30 1.70 .79 .82 .77 
1,nhor 1.12 1.32 .97 .22 .19 .2J 
l:~~:plnyrnont .90 1.13 .73 - - - 
llo~trs of work - .I7 - . I 3  -.20 - .I7 -.I3 -.26 
Agr-sex composition - .I0 - .I2 -.08 - . l o  - . I2  -.08 
kducation .49 .44 .52 .49 .44 .52 
Capital .83 .98 .73 .60 .67 .55 
Dwellings .25 .26 .25 .2l  .22 .21 
lri~crnstional assets .05 .03 .06 .04 .02 .05 
Bo~rrcsidzntial structures and equipment .43 .54 -35 .29 .34 .25 
Inventories . I0  .I5 .07 .06 .09 . OI 
Land . 00 . 00 . 00 -.03 -.04 -.02 
Outptrt per unit of input 1.37 1.93 -97 1.36 1.92 .96 
Adv;rnccs oT knowledge .76 .76 .76 .75 .75 .75 
liiipro\~cJ n1loca:ion of resources 
Con~r;lcrion of agricultural inputs .25 .25 .24 .25 .25 .24 
Con~raifiori of rionagricultural self-employment .04 .09 .01 .04 .09 .01 
Reduction of international trade barriers .M) . 00 . 00 . 00 . 00 .00 
Esor~omics of scale 
Growth of natio~al market measured in U.S. prices .30 .38 .24 .30 .38 .24 
Indcpcndcnt growth of local lliarkets .06 .06 .06 .06 .06 .06 
lrrcguldrities in pressure of demand* -.04 .39 -.34 - .04 .39 -.34 
Adjusted Growth Rates 
National income 3.36 3.84 3.01 2.19 2.35 2.07 
Output per unit of input 1.41 1.54 1.31 1.40 1.53 1.30 
Sourc~\ I . ~ h l ~ s  15-3. 15-5. 16-10. 17-3. 17-10. 18-2. 19-1. 19-3. and 20-1 except for slight differences betwcen contributions lo national income 
and ~ I I I O I I ~ ~ I  income yer pcnon employed due to inlerachon. 
Cnnlnbuuons of this source are ercludcd from adjusted growth rater 
SOURCE: Denison (1967:298) .  
DEVELOPMENT ECONOMICS 
The s t u d y  o f  deve lopment  economics h a s  p r o v i d e d  a n o t h e r  i r n -  
p e t u s  t o  t h e  i n t e r e s t  i n  t e c h n i c a l  change  b e s i d e s  t h a t  s t i m u l a t e d  
by g rowth  t h e o r i s t s .  T h e r e  a r e  many d i f f e r e n c e s  i n  t h e  h i s t o r i c  
deve lopment  p a t h s  of c o u n t r i e s ,  and  y e t ,  a t  a  c e r t a i n  a g g r e g a t e  
l e v e l ,  b r o a d  p a t t e r n s  d o  emerge. I n  t h e  e a r l y  s t a g e s  o f  deve lop -  
ment ,  mos t  economies t e n d  t o  b e  r u r a l  and  a g r i c u l t u r e  b a s e d .  I n  
t h e  p r o c e s s  of  deve lopmen t ,  t h e  s h a r e  of a g r i c u l t u r e  i n  t o t a l  
G.D.P. t e n d s  t o  f a l l  w h i l e  t h a t  o f  i n d u s t r y  rises. S e e  f o r  i n -  
s t a n c e ,  Kuzne t s  ( 1 9 6 6 ) .  On t h e  e x p e n d i t u r e  s i d e ,  t h e  s h a r e  g o i n g  
t o  f o o d s  t e n d s  t o  f a l l ;  some t y p i c a l  v a l u e s  a r e  g i v e n  i n  T a b l e s  
2  and  3. Changes i n  c o m p o s i t i o n  a l s o  t a k e  p l a c e ,  s o  t h a t  t h e  
p r i m a r y  i n p u t  component f a l l s  w h i l e  t h e  p r o c e s s i n g ,  t r a n s p o r t a t i o n  
and d i s t r i b u t i o n  (PTD) component rises. Two o f  t h e  more  e v i d e n t  
consequences  a r e  t h e  i n c r e a s e  i n  u r b a n i s a t i o n  and  t h e  r i se  i n  
a g r i c u l t u r a l  p r o d u c t i v i t y .  
PRODUCTIVITY I N  AGRICULTURE 
A g r i c u l t u r e  a c c o u n t s  f o r  t h e  g r e a t e s t  s h a r e  o f  GDP i n  most  
c o u n t r i e s  i n  t h e  e a r l i e r  s t a g e  o f  deve lopmen t ,  s o  it i s  h a r d l y  
s u r p r i s i n g  t h a t  t h e  p r o c e s s  o f  t e c h n i c a l  change  h e r e  h a s  a t t r a c -  
t e d  many r e s e a r c h e r s .  The r o l e  o f  i n d u c e d  i n n o v a t i o n  was s t u d i e d  
by Hayami and  R u t t a n  (1971)  when compar ing  t h e  e x p e r i e n c e s  of  
J a p a n  w i t h  t h o s e  o f  t h e  U n i t e d  S t a t e s .  They u s e d  t h e  c o n c e p t  of  
a  rneta p r o d u c t i o n  f u n c t i o n  1):  
where  Y i s  t h e  o u t p u t ,  A l a n d ,  L  l a b o r ,  K c a p i t a l ,  HC human c a p i -  
t a l ,  RC c u m u l a t i v e  r e s e a r c h  c a p i t a l .  F i g u r e  1 shows some t y p i c a l  
p a t t e r n s .  
TECHNOLOGY TRANSFER 
Hayami and R u t t a n  a l s o  s o u g h t  t o  i n c o r p o r a t e  t h e  r o l e  o f  
l o c a t i o n  s p e c i f i c i t y  i n  a g r i c u l t u r a l  t e c h n i c a l  change .  V a r i a t i o n s  
i n  c o s t  between r e g i o n s  w e r e  r e f l e c t e d  i n  a n  e n v i r o n m e n t a l  s en -  
s i t i v i t y  (ES) measure .  I n  t h e  t r a n s f e r  o f  a g r i c u l t u r a l  t e c h n o l o g y ,  
t h e y  found t h a t  s i g n i f i c a n t  b a r r i e r s  w e r e  p r e s e n t e d  i n  p h y s i c a l ,  
b i o l o g i c a l  and  c l i m a t i c  d i f f e r e n c e s .  They p roposed  2 )  a  measu re  
o f  e n v i r o n m e n t a l  s e n s i t i v i t y  be tween two r e g i o n s :  
where ,  r e p r e s e n t s  p r o p o r t i o n a l  p r i c e  d i f f e r e n c e s ,  and  Z j 
a c c o u n t s  f o r  e n v i r o n m e n t a l  f a c t o r  d i f f e r e n c e s ,  w h i l e  a = ,  B .  a r e  
I 
e l a s t i c i t i e s .  
TABLE 2: Expenditure shares - world wide figures. 
Country 
Geometric Fraction spent on 
mean of  
family size Food Clothing Housing Misc 
canadaa 11 9 7 - 4 8 ]  3.0 0.31 0.13 0.1 1 0.45 
Ceylona (1 953) 4.2 0-65 0.08 0.05 0.22 ' 
India. Punjaba (1950) 4.6 0.73 0.04 0.12 0.1 1 
Phillipines ~ a n i l a ~  (1951) 5.9 0.50 0.08 0.14 0.28 
Swedena (1955) 2.2 0.37 0.12 '2.16 0.35 
USA, all citiesa (1950) 2.6 0.31 0.11 0.1 6 0.42 
Brazil, Rio de ~ane i rob 
(1967.68) 
Income Class: 0 4 0  3.9 0.60 0.05 0.23 0.12 
40-80 4.6 0.44 0.06 0.23 0.27 
80-1 00 4.0 0.29 0.06 0.22 0.43 
a Data based on H.S. Houthakker, 'An Econometrics. October 1957. 
international comparison of household Data for Brazil is based on Orcamentos 
expenditure patterns. comnlemorating Famil iares-consumo alimenyar. 
I h e  centenary o f  Engels Law' .  Conju~~ctura Econoniica. J U I ~  1975. 











India, ~ u r i ~ a b b  (1950) 
Phillipincs, ~ a n i l a b  (19M)  
~ w c d e r r ~ ~  11955) 
U S A ~  (1950) 
Food Clothing Housing Misc 
- -- 
a Vahles based on Household Income 2. The values quoted are for expenditure 
and Expenditure Survey. changes, not quantity as for the Pakistan 
b Houlhakker. 1957 - see note a Table vali~es. The food values are adjusted to 
allow for farnilv size effects. 
Source: Mc Carthy (1977) 
0 005 .O 1 0.02 0.03 .OA .05 .OO .07.08 .09 0.1 .2 .3 .d .5 .6 .7 
L A B O R  I O b T P U T  R A T I O  i L I r :  
F i g u r e  1. I n p u t - o u t p u t  r a t i o s  f o r  s i x  c o u n t r i e s ,  1880-1970. 
( I n  l o g s ;  d a t a  f rom a p p e n d i x  3-2 .  D i a g o n a l s  are 
l a n d - l a b o r  r a t i o s . )  ( S o u r c e :  R u t t a n  i n  Binswanger ,  
R u t t a n  e t . a l .  1978: 55) 
ENVIRONMENT 
T h i s  c o n c e p t  of env i ronmenta l  s e n s i t i v i t y  may b e  ex tended  t o  
i n c l u d e  any non economic f a c t o r s .  Thus t h e  ES measure  may g i v e  
some i n d i c a t i o n  o f  t h e  r e l a t i v e  impor tance  of  s a l i e n t  f e a t u r e s  
i n  t h e  a d o p t i o n  of  a  t echno logy  i n  a p a r t i c u l a r  r e g i o n .  There  
h a s  been a marked i n c r e a s e  i n  i n t e r e s t  i n  r e c e n t  y e a r s  i n  most  
c o u n t r i e s  i n  t h e  b r o a d e r  impact  of t echno logy  on t h e  envi ronment .  
Much of  t h e  problem a r i s e s  because  many key r e s o u r c e s  a r e  pe r -  
c e i v e d  o f  a s  f r e e  g o o d s - - t y p i c a l l y ,  a i r  and w a t e r .  I n  o r d e r  t o  
" p r o t e c t "  t h e s e  r e s o u r c e s ,  t h e r e  a r e  two broad approaches  (be-  
s i d e s  t h e  " c h o i c e "  of  do ing  n o t h i n g ) ;  e i t h e r  l e g i s l a t i v e  o r  
economic c o n t r o l s .  
I n  o r d e r  t o  d e v i s e  economic c o n t r o l s  one  i s  a g a i n  f a c e d  
w i t h  t h e  problem of a s s i g n i n g  a n  e n v i r o n m e n t a l  v a l u e .  Those 
working i n  t h i s  a r e a  seem t o  f e e l  t h a t  t h e  c o n c e p t  o f  augmented 
GNP. is t h e  b e s t  c u r r e n t l y  a v a i l a b l e ,  a l t h o u g h  t h e y  are aware o f  
i t s  shor tcomings .  T h i s  r e q u i r e s  e s t i m a t i n g  changes  i n  p u b l i c  
goods and s e r v i c e s ,  i n c l u d i n g  t h o s e  p r o v i d e d  by t h e  envi ronment .  
Commoner (1977) h a s  e s t i m a t e d  t h a t  most  of t h e  impact  on t h e  
envi ronment  h a s  been caused  by t e c h n i c a l  changes .  H e  used  a n  
env i ronmenta l  index  I ,  g i v e n  by 
I = P o p u l a t i o n  Economic Good . P o l l u t a n t  
P o p u l a t i o n  Economic Good 
T h i s  a l lowed him t o  s e p a r a t e  t h e  t h r e e  e f f e c t s  shown i n  
F i g u r e  2.  H e  p r o p o s e s  t h e  development  o f  mass ive  new t e c h n o l o g i e s  
t o  e s s e n t i a l l y  undo t h e  harm caused by t h e  t e c h n i c a l  t r ans fo rm-  
a t i o n  s i n c e  1946. 3 )  
INTERNATIONAL ENVIRONMENTAL PROBLEMS 
A t  t h e  i n t e r n a t i o n a l  level t h e  problems become even more 
complex. T y p i c a l l y  t h e y  are d i v i d e d  by t h e  t y p e  o f  l i n k a g e  
e f f e c t  i n v o l v e d ,  e i t h e r  p h y s i c a l  o r  s o c i a l .  The fo rmer  h a s  prob- 
l e m s  such  as  v e c t o r  b o r n e  d i s e a s e s ,  h i g h l y  t o x i c  a g r i c u l t u r a l  
p e s t i c i d e s .  I n  t h e  s o c i a l  c a t e g o r y  one  may i n c l u d e  n a t u r a l  o r  
h i s t o r i c a l  g i f t s  c o n t r o l l e d  by one c o u n t r y  o r  r e g i o n  b u t  v a l u e d  
by o t h e r s ,  a s  f o r  i n s t a n c e ,  Egyp t i an  c i v i l i s a t i o n ,  w i l d  l i f e .  
Here a g a i n ,  one  may d e v i s e  measures-- the problem i s  a d i f f i c u l t  
one--should a c o u n t r y  such  a s  Kenya f a c e d  by food  s h o r t a g e s  
"deve lop"  i t s  game p a r k s  t o  f e e d  i t s  p e o p l e  w i t h  obv ious  d e t r i -  
men ta l  e f f e c t  on w i l d  l i f e ?  I f  n o t ,  t h e n  one  needs  t o  know f o r  
how much and by whom t h e y  shou ld  b e  compensated.  
Some c o u n t r i e s  do  n o t  worry t o o  much a b o u t  e c o l o g i c a l  impac t  
and t h e  concomi tan t  c o s t s .  T h i s  may g i v e  them some a d v a n t a g e  
i n  i n t e r n a t i o n a l  t r a d e .  Should t r a d e  agreements  t a k e  t h i s  i n t o  
c o n s i d e r a t i o n ?  An examina t ion  o f  c u r r e n t  p a t t e r n s  e v o l v i n g  i n  
i n t e r n a t i o n a l  t r a d e  and changes  i n  compara t ive  advan tage  c o u l d  
be  e n r i c h e d  by c o n s i d e r a t i o n  of  concomi tan t  e n v i s i o n e d  i m p l i c a -  



















Kclative cor~trihutions of scvcral factors to chnngcs 
in environnicntal-i~iipnit indices. The contributions of 
popul3tion size, production pcr capita. and tcchnologic;~l 
characteristics (amount of pollutanr rclcascd per unit o f  
production) to the total environrncntal-impact indices 
wcre conipi~ted as shown in the tcxt. Each bar is subdi- 
vidcd to sliow the rc~lmrivr contribution. on a scale of 1.0, 
of cach factor to the changc in thc environmental-impact 
index between the rltrlicr year and the later year. 
Figure 2. Relative Contribution to Ratio of Total Environmental 
Impact Indices. (Source: Commoner 1977:350) 
POSSIBLE AREAS OF INTEREST FOR I I A S A  
Deplet ion of Resources v s .  Improved P r o d u c t i v i t y  
When a r e sou rce  becomes s c a r c e  t h e  t y p i c a l  economic e f f e c t  
i s  t h a t  i t s  p r i c e  rises and o f t e n  a s u b s t i t u t e  evolves .  The r o l e  
of wood i n  B r i t a i n  i n  t h e  l a s t  cen tu ry  i s  a p a r t i c u l a r  ca se .  H e r e  
t h e  imminent s h o r t a g e  fo rced  t h e  r a i l r o a d s  t o  develop new tech-  
nology t o  handle  o t h e r  f u e l s .  The U S  was wood abundant a t  t h a t  
t ime and s o  t h e  process  of t e c h n i c a l  change f o r  r a i l r o a d s  t h e r e  
was delayed.  
Can t h i s  t ype  of expe r i ence  be gene ra l i zed?  I n  p a r t i c u l a r  
what demand and supply f a c t o r s  determine t e c h n i c a l  change? 
Role of Research I n s t i t u t i o n s  i n  Development 
2 
The evidence c u r r e n t l y  a v a i l a b l e  sugges t s  t h a t  c o u n t r i e s  
which have a domestic r e s e a r c h  c a p a b i l i t y  can g e n e r a l l y  make much 
b e t t e r  u se  o f  t e c h n i c a l  advances i n  o t h e r  p a r t s  of t h e  world.  
What s t r a t e g y  should c o u n t r i e s  fo l low a t  d i f f e r e n t  s t a g e s  
of development f o r  t h e i r  v a r i o u s  s e c t o r s ?  
C r i t e r i a  f o r  In t roduc ing  New Technology 
On what b a s i s  should a count ry  f a v o r  t h e  i n t r o d u c t i o n  of 
new technology? Examples: 
1. Cur ren t ly  i n  Egypt t h e r e  is  c o n s i d e r a b l e  emphasis on 
animal power, growth of berseern--yet t h e  count ry  i s  a 
major food impor te r .  
2.  B r a z i l  i s  a major o i l  impor te r .  There i s  a c u r r e n t  
p roposa l  t o  p l a c e  3 m i l l i o n  h e c t a r e s  under sugar  cane  
f o r  g a s o l i n e  produc t ion .  What a r e  t h e  i m p l i c a t i o n s ?  
I n t e r n a t i o n a l  Environmental Problems 
Many of t h e  problems may be c l a s s i f i e d  a s  e x t e r n a l i t i e s .  
What i s  needed t o  handle  such  issues--economic, l e g a l ,  i n s t i t u -  
t i o n a l  approaches? 
S t r u c t u r a l  Change 
Th i s  should be one of t h e  b e t t e r  f i e l d s  f o r  IIASA and t h e  
FAP group i n  p a r t i c u l a r ,  g iven  i t s  c u r r e n t  work i n  t h i s  a r e a .  
The s tudy  should focus  on historic p a t t e r n s  o f  change by 
count ry  f o r :  
-- P r o d u c t i o n .  
-- Demand b o t h  w i t h i n  t h e  c o u n t r y  and imposed from o u t s i d e .  
-- Expor t - impor t  s t r u c t u r e - - f o r  i n s t a n c e  B r a z i l  h a s  now 
an  e f f i c i e n t  a u t o  i n d u s t r y ;  what  happens  when i t  e n t e r s  
wor ld  m a r k e t s  t r a d i t i o n a l l y  c o n t r o l l e d  by o t h e r  
c o u n t r i e s ?  
I n  p a r t i c u l a r  t h e  i n t e r a c t i o n  w i t h i n  t e c h n o l o g y  a t  v a r i o u s  
t r a n s i t i o n s  i n  t h e  g rowth  p r o c e s s  c o u l d  b e  a n a l y z e d .  How s h o u l d  
development  and  i n v e s t m e n t  b e  g u i d e d  i n  t h e  l i g h t  o f  t h e  a n a l y s i s ?  
CONCLUSION 
T h i s  Working P a p e r  t o u c h e s  on a  number o f  a r e a s  which i m -  
p i n g e  o n  t h e  t e c h n o l o g y - a g r i c u l t u r e - e n v i r o n m e n t  t r i a d .  Tech- 
n i c a l  change  c l e a r l y  p l a y s  a  m a j o r  r o l e  a s  economies  d e v e l o p ,  
I t  a c c o u n t s  f o r  o v e r  h a l f  t h e  g rowth .  I n t e r e s t i n g  q u e s t i o n s  
a r e :  how s h o u l d  it b e  measured  and  t h e n ,  i f  p o s s i b l e ,  d i r e c t e d ?  
T h i s  w i l l  r e q u i r e  a  d i f f e r e n t  answer  f o r  c o u n t r i e s  a t  v a r y i n g  
s t a g e s  o f  deve lopmen t .  I n  p a r t i c u l a r ,  it s h o u l d  b e  p o s s i b l e  
t o  i d e n t i f y  b o t h  economic and e n v i r o n m e n t a l  b e n e f i t s  and  c o s t s  
a t  b o t h  t h e  n a t i o n a l  and  i n t e r n a t i o n a l  l e v e l .  
NOTES 
1. G r i l i c h e s  (1968) s o u g h t  t o  s e p a r a t e  p r o d u c t i v i t y  i n t o  growth  
i n  a r e a  p e r  worke r  and  y i e l d  p e r  u n i t  a r e a .  
where ,  
Y = o u t p u t ,  L  = l a b o r ,  A = area.  
I n c r e a s e s  i n  A/L a r e  t e rmed  m e c h a n i c a l  t e c h n o l o g y ,  w h i l e  i n -  
creases i n  Y/A ( a f t e r  a l l o w i n g  f o r  c h a n g e s  i n  L) are  t e rmed  
b i o l o g i c a l  t e c h n o l o g y .  
2.  One o f  t h e  ear l ier  a t t e m p t s  t o  do  t h i s  w a s  a 1973  s t u d y  by 
Evenson and  K i s l e v  ( 1 9 7 5 ) .  They s t u d i e d  whea t  and  m a i z e  
y i e l d s  f o r  64 c o u n t r i e s  o v e r  a p e r i o d  o f  21  y e a r s .  They 
u s e d  c o u n t s  o f  P l a n t  B r e e d i n g  A b s t r a c t s  f o r  i n d i g e n o u s  re- 
s e a r c h  and  a  dummy v a r i a b l e  t o  p i c k  u p  i n t e r c o u n t r y  v a r i a -  
t i o n s .  
3. I n  t h e  S o v i e t  Union o n e  a l s o  f i n d s  s i m i l a r  c o n c e r n  e x p r e s s e d .  
Goldman (1970). q u o t e s  N i k o l a i  P o ~ o v ,  a n  e d i t o r  o f  S o v i e t  
* 
L i f e :  "Why, i n  a s o c i a l i s t  c o u n t r y ,  whose c o n s t i t u t i o n  
e x p l i c i t l y  s a y s  t h e  p u b l i c  i n t e r e s t  may n o t  b e  i g n o r e d  w i t h  
i m p u n i t y ,  are  l n d u s t r y  e x e c u t i v e s  p e r m i t t e d  t o  b r e a k  t h e  
l a w s  p r o t e c t i n g  n a t u r e ? "  
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